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[57] ABSTRACT

An electronic system having multiple identical subsys-
tems, some of which can be excluded from the system
when defective or held as spares. A mapping circuit
associated with each subsystem has a first register for
storing a physical address of the subsystem and a second
register for storing a logical address. To configure the
system to include a selection of subsystems, pairs of
physical and corresponding logical addresses are trans-
mitted to the subsystem mapping circuits. When a trans-
mitted physical address matches the address stored in
the first register, the second register is enabled to re-
ceive a transmitted logical address. The mapping of
physical to logical address is therefore distributed
among all of the subsystems rather than being handled
In a central mapping unit. Subsystems that are to remain
out of service have a null address stored in their second
registers. In normal operation of the entire system, a
logical address transmitted to the subsystems is com-
pared with the logical address stored in each second

register, and only the matching subsystem is selected for
operation.

20 Claims, 2 Drawing Sheets

ADDRESS BUS
é—- *-

o 8
ENABLE /7 —n s [ ) .
DISABLE

BUS

$S1”

s
ISUESYSTEM CIRCUITRY I
®

y
DATA BUS 355 Se



Sheet 1 of 2

Jan. 24, 1989

U.S. Patent

4,800,302

‘— ® Pl
¢9
NDW Q o (2)2I
.fm oo a _ e (2)9
_
_ o
v o _ Aﬁ\ o ()2l
Om\ 19 Aﬂ ® (1)9I
G¢ S8 V1ivda
C i

. | 4 _
| a X o9 ? 11 4

- - - — - | sNg
_ | _ i 319vsSia
¢ _ —— _r l & /319V¥YN3
*—— o—— o

8 SS3yaadv

|
10
ad
\,
0
=



Sheet 2 of 2 4,800,302

Jan. 24, 1989

U.S. Patent

sng
vee V1iVQ AMOWIW

) J .

' ¢
9
.. % 1 Lsng
vae yoe | SSIHAAY AHOW3W
L -
vbeg
| AHYOWIW SS3IDIJV
WOANV M
_ _ 11 ¥IsS
V2SS _
VINSS 2
- Vo2
- Tvos 4\
*eoos | _qoom_ [vo2d
W8S L V8
| V2 yoz _ vi9D _ _
T #
_ Vb2
va2e+ e+ Ve \ ® Vi
; | \v VA /d‘w_ _
n T P e \W Vi
i d_H\\ - - 3 - vel SN8
\ 319VvsSIa
) ” : ‘ ¢ ¢ ®. /319YN3
_ _ |
L ) A ° >€)Sng ss34dav NOILv201)
®

N e)sng ss3uaav 1v21901)




4,300,302
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REDUNDANCY SYSTEM WITH DISTRIBUTED
MAPPING

BACKGROUND OF THE INVENTION

This invention relates generally to redundancy sys-

tems and, more specifically, to electronic systems hav-
ing multiple subsystems or modules, some of which are
non-functioning or spare modules.

Many large electronic systems, including wafer-scale
integrated circuits and single-chip high capacity ran-
dom access memories, are fabricated to include spare
subsystems or circuit modules that can be used as re-
placements for defective modules. Modules may be
rendered defective during fabrication, or after long
periods of use, or upon sustaining physical damage. In
any event, 1t is desirable to be able to reconfigure a
system to include a required number of operational
modules. The specific function performed by a module
1 not important from the standpoint of this invention.
The modules may be, for example, memory cells or
address decoders in a computer system, or they could
perform any of a variety of other functions.

One technique for configuring a system to include
operational modules is to include fusible links in the
integrated circuit chip on which the modules are fabri-
cated. The links can typically be opened by electrical or
optical means, but their use has some drawbacks. First,
the presence of these links complicates the fabrication
process and can lower production yields. Also, the

blowing open of fusible links can expose the surface of

a chip or wafer to contaminants that degrade circuit
performance or prevent proper operation.

Another approach to this problem is to use a central
interconnection circuit or mapping unit. The ceniral
mapping unit contains a table that relates logical unit
numbers or addresses to the physical positions of actual
modules. One problem that arises from the use of a
central mapping unit is that its complexity and physical
size increase geometrically with respect to the number
of modules or subsystems that it handles. Another prob-
lem is that central mapping units impose delay times
that degrade system performance, eSpecmlly for large
numbers of modules.

Accordingly, there is still a need in electronic systems
using redundancy, for a technique that will interconnect
functional subsystems or modules without using fusible
links, and without the complexity and delay times asso-
ciated with central mapping units. The present inven-
tion satisfies this need.

SUMMARY OF THE INVENTION

The present invention resides in a distributed map-
ping technique for configuring multlple subsystems into
a single system. Basically, and in general terms, the
system of the invention comprises address bus means for
selecting a particular subsystem for use in an operation
or for performance of some function, and mapping cir-
cultry assoclated with each of the subsystems. The map-
pmg circuitry includes first storage means, for register-
Ing a physical address of the subsystem, second storage
means, for registering a logical address for accessing the
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subsystem, means for modifying the logical address of 65

the subsystem, means for comparing the lo gical address
of the subsystem with an address supplied on the ad-
dress bus means, and means for activating the subsystem

2

in response to the detection of a match by the means for
comparing.

The system of the invention operates in two distinct
modes: a configuration mode and an operational mode.
In the configuration mode, the system is supplied with
pairs of physical and logical addresses. For each subsys-
tem, uniquely identified by its physical address, a logical
address is stored in the mapping circuitry associated
with the subsystem. For those subsystems that are re-
dundant or defective, a special or null logical address is
stored. In the operational mode, logical addresses are
supplied through the address bus means, and appropri-
ate physical subsystems are activated without any map-
ping delay, since the map relating physical and logical
addresses has already been stored in a distributed man-
ner.

More specifically, the means for modifying the logi-
cal address of a subsystem includes means for compar-
ing the physical address of the subsystem with a physi-
cal address supplied on the address bus means and gen-
erating a match signal if the physical address matches
the address on the address bus means. The means for
modifying the logical address further includes means
responsive to the match signal, for enabling the transfer
of a logical address from the address bus means to the
second storage mearns.

In one disclosed embodiment of the invention, the
address bus means 1s a single address bus. In the configu-
ration mode, physical and logical addresses appear on
the address bus in an alternating sequence. In a first
phase of operation, a physical address is present on the
address bus, and a comparison is made with the physical
address of each subsystem. In one of the subsystems, a
match signal is generated to enable the transfer of a
logical address from the bus in a second phase of opera-
tion. This logical address is stored in the second storage
means for subsequent use in addressing the subsystem.

In another disclosed embodiment, the address bus
means includes a physical address bus and a logical
address bus. Therefore, physical and logical addresses
do not have to be multiplexed on the same bus, but the
sequence of operations is basically the same as before.

It will be appreciated from the foregoing that the
present invention represents a significant advance in the
field of redundancy systems. In particular, the invention
provides a technique for mapping logical to physical
addresses without the need for a central mapping unit
and without using fusible links and similar devices to
effect configuration of multiple subsystems or modules.
The mapping information used in the system of the
invention may be derived from on-line testing of the
subsystems, or from off-line testing performed after
fabrication. In any event, the system of the invention
permits convenient reconfiguration of the available
subsystem modules, without the need to physically alter
module interconnections and without a central mapping
unit. Other aspects and advantages of the invention will
become apparent from the following more detailed
description, taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a simplified block diagram showing multiple
subsystems interconnected in accordance with the in-
vention;

FIG. 2 1s an exemplary logic diagram of one of the
comparators used in the system of FIG. 1; and
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FIG. 3 1s a block diagram similar to FIG. 1, showing

the invention as applied to a random access memory
system.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As shown in the drawings for purposes of illustration,
the present invention is concerned with redundancy
systems and techniques for interconnecting multiple
subsystems, of which some are spare or defective. The
most common approach to this problem is to employ a
central mapping unit, which effects a translation from
logical subsystem addresses to physical subsystem ad-
dresses, but interposes time delays in accessing the sub-
systems.

In accordance with the invention, mapping between
logical and physical addresses is effected in a distributed
manner by mapping circuitry associated with each of
the subsystems. FIG. 1 shows an electronic system 10
for performing an unspecified function, the system com-
prising multiple subsystems indicated by SS1, SS2. ..
and SSM. The mapping circuitry associated with each
subsystem includes first and second registers R1 and R2,
first and second comparators C1 and C2, register con-
trol circuitry RCC and subsystem control circuitry
SCC. The first comparator C1 receives a first input over
line 12 from an address bus 13, has an enable terminal 14
connected to an enable/disable bus 15, and receives a
second input over line 16 from the first register R1. The
first comparator C1 generates an output signal on line
18 to indicate whether or not there is a match between
the addresses impressed on the input lines 12 and 16.
This output signal is transmitted to the register control
circuit RCC, which, in turn, provides an enabling signal
on line 20, to enable the transfer of an address from the
address bus 13 to the second register R2.

It will be understood that, although the address bus
13 and the comparator input lines 12 and 14 are shown
as single lines, the address quantities being handled by
the circuitry are, in general, multi-bit quantities and
multiple lines will be needed. The same consideration
applies to the second comparator C2.

The second comparator C2 has a first input line 22
derived from the address bus 13, an enable input line 24
supplied from the enable/disable bus 15 through an
inverter I1, and a second input line 26 derived from the
second register R2. The second comparator C2 pro-
vides a match signal on its output line 28 to the subsys-
tem control circuitry (SCC). The latter generates a
control signal on line 30 to activate the subsystem cir-
cuitry 34 associated with this subsystem SS1.

In operation, the system 10 first runs in a configura-
tion mode in which logical addresses are stored in the
second register R2 of each subsystem. This is accom-
plished by placing successive pairs of physical and logi-
cal addresses on the address bus 13. When a physical
address is impressed on the bus 13, and the enable/disa-
ble bus 13 is placed in condition to enable the first com-
parator C1, the physical address on the bus is compared
with the physical address stored in the first register R1
of each subsystem. In the subsystem in which a match-
ing physical address is found, the first comparator C1
generates a match signal on line 18, which conditions
the second register R2 to receive a logical address sub-
sequently impressed on the address bus 13.

In a second phase of operation in the configuration

mode, a logical address is received by comparator C2
over line 22 and is simultaneously input to the second
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register R2. This logical address is also supplied to the
comparator C2 over line 26 from register R2. A match
signal will be generated on line 28, and the subsystem
control circuitry SCC will activate the subsystem cir-
cuitry 34. In the embodiment of the invention illustrated
in FIG. 1, the subsystem circuitry 34 receives test data
at a data terminal 32, from a data bus 35. The subsystem
circuitry 34 is electrically checked after activation, by
application of the test data and using computer-aided
testing procedures. If the subsystem is found to be oper-
ational and within its predefined operating specifica-
tions, the logical address previously stored in the sec-
ond register R2 is left in place and becomes perma-
nently associated with this particular subsystem. If the

test procedures determine that the subsystem is defec-

tive 1n some respect, the logical address stored in regis-
ter R2 is changed to a null pattern used to denote a
defective or out-of-service subsystem. In the exemplary
system, the storing of a null address in R2 is accom-
plished by enabling the first comparator C1, disabling
the second comparator C2, and applying the appropri-
ate physical address to the address bus 13, to select this
subsystem again, followed by a null address, such as all
zeros or all ones, to be stored in the second register R2.

It will be understood that this procedure described
for testing the subsystem circuitry is not a critical ele-
ment of the invention. The identity of defective of spare
subsystems may be known in advance of the configura-
tion procedure, either from tests performed during man-
ufacturing, or from other sources. The configuration
procedure 1in its simplest form consists of transmitting
pairs of physical and logical addresses to the multiple
subsystems. The physical address selects a unique sub-
system, and then the corresponding logical address
address 1s stored in the second register R2 of the se-
lected subsystem. |

In normal operation of the system 10, subsystems are
addressed by their logical addresses and the second
comparator C2 i1s enabled. If the address on the address
bus 13 1s the same as the address stored in the register
R2, the comparator C2 generates a match signal and the
subsystem circuitry 34 is activated. Typically, but not
necessarily, the logical addresses are also unique, i.e.
each logical address is associated with only one physical
address, and the application of a logical address to the
bus 13 results in the selection of only one physical sub-
system.

It will be observed from this description that there is
no need for a central mapping unit to store and assign a
logical address to each subsystem. Each subsystem in
effect performs part of the mapping function. This dis-
tributed mapping arrangement eliminates the time de-
lays associated with central mapping units.

FIG. 2 shows a typical arrangement for implement-
Ing the comparator C1, comprising two exclusive OR
(XOR) gates G1 and G2 with inverted outputs, and two
AND gates G3 and G4. The second comparator C2 can
be an identical circuit. In this exemplary embodiment,
the register R1 is considered to be a two-bit register and
the address bus 13 is considered to be a two-bit bus.
Lines 12(1) and 12(2) from the address bus 13 are con-
nected as inputs to the XOR gates G1 and G2, respec-
tively, and lines 16(1) and 16(2) from register R1 are
connected as second inputs to the same XOR gates. The
inverted output from XOR gate G1, on line 50, is ap-
plied as an input to AND gate G3, and the inverted
output from XOR gate G2, on line 52, is applied as a
second input to the same AND gate. The output of
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AND gate G3 forms one input of the second AND gate
G4, the other input of which is derived from line 14, the
enabling line to the comparator.

It will be seen from FIG. 2 that AND gate G3 pro-
vides a logical “1” output only if both bits of the inputs
on lines 12 and 16 match. If one bit of the inputs on lines
12 and 16 does not match, the corresponding XOR gate
will produce a logical “0” inverted output, as will the
AND gate G3. When both bits of the input address
match, AND gate G3 will produce a logical “1” output,
but the comparator circuit will produce a logical “1”
output only if an enabling signal is applied to the second
AND gate G4 over line 14. |

The specific configuration of register control circuit
RCC will depend on the the form in which the register
R2 is implemented. If R2 is a shift register, RCC can be
a two-input AND gate (not illustrated) having a first
mput terminal coupled to line 18, a second input termi-
nal coupled to receive a clock signal, and an output

10

15

terminal coupled to line 20 and to a clock terminal of 2°

the register R2. When the signal on line 18 is a logical
“0”, then the output of RCC is also a logical “0” and the
shift register R2 is disabled such that a logical address
cannot be entered into it. On the other hand, if the signal
on line 18 is a logical “1” the output of RCC is a clock
signal that enables register R2 to receive and store a
logical address. Another possible configuration is for
R2 to be a parallel register, in which case the circuit
RCC need only be a single wire connecting lines 18 and
20.

The circuit configuration of the subsystem control
circuit SCC will depend on the nature of the subsystem
to be controlled. In some cases, SCC can simply be a
wire connecting lines 28 and 30. In other cases, SCC
may include a field-effect transistor having a gate termi-
nal connected to line 28, a drain terminal connected to
line 30 and a source terminal also connected to the
subsystem circuitry 34. The transistor then acts as a
simple switch to activate the subsystem circuitry.

FIG. 3 shows a random access memory system con-
structed in accordance with the invention. The compo-
nents of the subsystems, referred to as SS1A, SS2A and
so forth, are practically identical to the components
described with reference to FIG. 1, and are referred to
by the same reference numerals and labels, except that
~an “A” suffix is added to each. In the embodiment illus-
trated in FIG. 3, there is a logical address bus 13.1 and
a location address bus 13.2 for supplying physical ad-
dresses. Thus the logical and physical addresses are not
multiplexed as in the FIG. 1 embodiment. However,
operation of the subsystem mapping arrangement is
basically the same. An enable/disable bus 15A performs
the same function as in the FIG. 1 embodiment, en-
abling either the first comparator C1 or the second
comparator C2.

The only other difference in the FIG. 3 embodiment
1s that, since the subsystem circuit 34 is a random access
memory module, address lines 36 are needed to provide
a local memory address from a memory address bus 37.
This 1s used to address each memory location within a
selected subsystem module.

It will be appreciated from the foregoing that the
present invention represents a significant advance in the
field of redundancy systems in electronic devices. In
particular, the invention provides a system of distrib-
uted mapping of physical and logical addresses, to avoid
the disadvantages of central mapping units and other
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techniques for associating physical and logical ad-
dresses.

It will be understood that the embodiments described
in this specification are exemplary only and could be
easily modified without departing from the scope of the
invention. For example, the register R1 can be a read-
only memory or other form of hard-wired register.
Also, the comparators C1 and C2 can be implemented
in a number of different ways and need not be identical
to each other. The enable/disable bus could also have
been implemented as two separate buses. As already
mentioned, the nature and function of the subsystem
circuitry can vary widely without affecting the inven-
tion. Finally, although the invention is well suited for
use in wafer-scale technology, this is not a necessary
limitation of the invention. When used in conjunction
with wafer-scale devices, the entire system can be fabri-
cated in or on semiconductor materials based on silicon,
gallium arsenide, or possibly other materials. In brief,
the invention should not be limited by the details of this
specification, but only by the scope of the following
claims.

I claim:

1. A distributed mapping system for interconnecting
multiple subsystems, some of which are redundant or
defective, comprising:

address bus means for selecting a particular subsys-

tem for use in an operation or for performance of
some function; and

mapping circuitry associated with each of the subsys-

tems, and having

first storage means, for registering a physical ad-
dress of the subsystem,

second storage means, for registering a logical
address for accessing the subsystem,

means for modifying the logical address of the
subsystem during a configuration mode of opera-
tion,

means for comparing the logical address of the
subsystem with an address impressed on the ad-
dress bus means during a normal mode of opera-
tion, and

means for activating the subsystem in response to
the detection of a match by the means for com-
paring;

and wherein the means for modifying the logical

address of the subsystem includes

means for comparing the physical address of the
subsystem stored in the first storage means with
a physical address impressed on the address bus
means during the configuration mode of opera-
tion, and generating a match signal if the physi-
cal address matches the address on the address
bus means, and

means responsive to the match signal, for enabling
the transfer of a logical address from the address
bus means to the second storage means, for later
use in the normal mode of operation.

2. A distributed mapping system as defined in claim 1,

60 wherein:

65

the address bus means has only a single address bus,
the use of which is multiplexed to configure the
system by associating physical and logical ad-
dresses.

3. A distributed mapping system as defined in claim 1,

wherein:

the address bus means includes a physical address bus

for selecting a particular physical subsystem, and a
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logical address bus for storing a logical address in
the selected physical subsystem, and for selecting
subsystems in accordance with their previously
stored logical addresses.
4. A distributed mapping system as defined in claim 1,
and further comprising:
means for storing a null logical address in the second
storage means of selected subsystems, to indicate
that the selected subsystems are defective or out of
service for some other reason.
J. A distributed mapping system as defined in claim 1,
wherein:
the multiple subsystems are formed as part of a com-
mon semiconductor wafer.
6. A distributed mapping system as defined in claim 5,
wherein:
the semiconductor wafer is of silicon material.
7. A distributed mapping system as defined in claim 5,
wherein:

the semiconductor wafer is of gallium arsenide mate-
rial.
8. A distributed mapping system as defined in claim 1,
wherein:
the system is formed as a plurality of individual semi-
conductor chips, each containing one or more sub-
systems, and mounted on a semiconductor wafer.
9. A distributed mapping system for interconnecting,
multiple subsystems, some of which are redundant or
defective, each subsystem having a unique physical
address and having circuitry connected to perform
some desired function, the system comprising:
address bus means for selecting a subsystem for pur-
poses of configuring the mapping system, or for
performance of the desired function;
mapping circuitry associated with each of the subsys-
tems, and having

a first register, for storing the physical address of
the subsystem,

a second register, for storing a logical address of
the subsystem,

a first comparator circuit for comparing the physi-
cal address of the subsystem with a physical
address supplied on the address bus means,

a register control circuit activated only in response
to a match signal from the first comparator cir-
cuit, for generating a register control signal that
enables the second register to receive and store a
logical address placed on the address bus means
immediately after the physical address with
which it is to be associated,

a second comparator circuit for comparing the
logical address stored in the second register with
a logical address placed on the address bus
means, to permit logical addressing of the sub-
systems after their logical addresses have been
stored 1n the second registers, and

a subsystem control circuit, responsive to a match
signal from the second comparator circuit, for
activating the corresponding subsystem cir-
cuitry.

10. A distributed mapping system as defined in claim
9, and further comprising:
means for storing a null code in each second register
associated with a defective or spare subsystem that
is to be excluded from interconnection with other
subsystems.

11. A distributed mapping system as defined in claim
9, wherein:
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the address bus means has only a single address bus,
the use of which is multiplexed to configure the
system by dssociated physical and logical ad-
dresses.

12. A distributed mapping system as defined in claim

9, wherein: |
the address bus means includes a physical address bus
for selecting a particular physical subsystem, and a
logical address bus for storing a logical address in
the selected physical subsystem, and for selecting
subsystems in accordance with their previously °
stored logical addresses.
13. A distributed mapping system, comprising:
a plurality of subsystems, some of which are redun-
dant or defective:
data bus means, interconnecting the subsystems, for
- communicating information with the subsystems:
logical address bus means, interconnecting the sub-
systems, for providing a logical address bus signal
designating a particular subsystem which is to com-
municate with the data bus; and
enable/disable means for for transmitting a disable
signal to the subsystems when the logical addresses
of one or more of the subsystems is to be reas-
signed;
wherein each subsystem includes a mapping circuit
having
first register means for storing a logical address for
. 1dentifying the subsystem,
first comparator means for comparing the logical
address stored in the first register means of the
subsystem with the logical address designated by
the logical address bus signal and, if said two
logical addresses match, connecting the subsys-
tem to communicate with the data bus in re-
sponse to a match signal from the first compara-
tor means, and

means for modifying the logical address stored in
the first register means in response to the disable
signal.

14. A distributed mapping system as defined in claim
13, wherein, in each subsystem, the means for modify-
ing the logical address includes:

means, responsive to the disable signal, for storing in
the first register means the logical address desig-
nated by the logical address bus signal.

15. A distributed mapping system as defined in claim

13, and further comprising:

a physical address bus, interconnecting the subsys-
tems, for providing a physical address bus signal
designating a particular subsystem whose logical
address 1s to be reassigned;

wherein, in each subsystem, the mapping circuit fur-
ther includes a second register means for storing a
physical address identifying the subsystem; and

wherein, in each subsystem, the means for modifying
the logical address includes
second comparator means, responsive to the dis-

able signal, for comparing the physical address
stored in the second register means of the subsys-
tem with the physical address designated by the
physical address bus signal and, if said two physi-
cal addresses match, storing in the first register
means the logical address designated by the logi-
cal address bus signal.

16. A distributed mapping system as defined in claim
13, and further comprising:
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means for storing a null logical address in the first the semiconductor wafer is of silicon material.
register means of selected subsystems, to indicate 19. A distributed mapping system as defined in claim

that the selected subsystems are defective or out of 175 where@: _ |
service for some other reason. the semiconductor wafer is of gallium arsenide mate-

17. A distributed mapping system as defined in cla; mal. |
13. wherein: PPHIE 55 ~Hied i clam 20. A distributed mapping system, as defined in claim

th ltinle sub f 13, wherein:
€ mulitiple subsystems are tormed as part of a com- the system is formed as a plurality of individual semi-

mon semiconductor wafer. conductor chips, each containing one or more sub-

18. A distributed mapping system as defined in claim 10 systems, and mounted on a semiconductor wafer.
17, wherein: S
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